Objective To evaluate indoor polycyclic aromatic hydrocarbon (PAH) concentrations in bars and restaurants and identify the main determinants of airborne PAH concentrations. Methods This study included 57 bars/restaurants in Santiago, Chile. PAH concentrations (ng/m 3 ) were measured using photoelectric aerosol sensor equipment (PAS 2000CE model). Nicotine concentrations (mg/m 3 ) were measured using active sampling pumps followed by gas-chromatography. Linear regression models were used to identify determinants of PAH concentrations. Results PAH concentrations were higher in venues that allowed smoking compared to smoke-free venues. After adjusting, the air PAH concentrations were 1.40 (0.64-3.10) and 3.34 (1.43-7.83) ng/m 3 higher for tertiles 2 and 3 of air nicotine compared to the lowest tertile. Conclusions In hospitality venues where smoking is allowed, secondhand smoke exposure is a major source of PAHs in the environment. This research further supports the importance of implementing complete smoking bans to protect service industry workers from PAH exposure.
INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are the product of incomplete combustion of natural and man-made organic materials and have been identified as environmental and occupational public health risks [Lewtas, 2007] . Experimental research has demonstrated a link between PAHs and lung cancer [National Research Council, 1986; Glantz and Parmley, 1991] . In humans, epidemiologic research has shown that PAHs are associated with increased risk of cancer as well as respiratory and cardiovascular disease [Harrison and Johnston, 1985 ; National Institute for Occupational Safety and Health, 1991; ATSDR, 1995; EPA, 1992; WHO, 2004; Surgeon General's Report, 2006; Vardoulakis et al., 2008] . Fossil fuels, candles, wood, and tobacco are well known sources of PAH exposure. In outdoor spaces, PAHs from industrial emissions and motor vehicles contributes to urban air pollution [Lewtas, 2007] . In indoor spaces, secondhand tobacco smoke (SHS) is a direct although nonspecific source of PAHs and poses a potential health hazard to service industry workers, who are exposed to high levels of SHS [Denissenko et al., 1996] .
While active smoking is well-recognized as source of PAH exposure, relatively few studies, however, have evaluated the role of SHS as a source of PAHs. Few studies, moreover, have measured PAHs concentrations in restaurants and bars. Documenting PAH exposure levels in hospitality venues and identifying the main sources is important to provide reference information regarding PAH exposure and to identify effective strategies to reduce workers' exposure to PAHs in hospitality venues. In addition, research is needed to evaluate additional relevant sources of PAHs in hospitality venues, and the relative contribution of SHS exposure compared to other sources.
Chile has the highest smoking prevalence in Latin America. According to a report of the Pan American Health Organization, the standardized prevalence of tobacco consumption in adult population in 2011 was 41% in Chile, 25% in Uruguay, 17% in Brazil, and 7% in Barbados [PAHO, 2013] . Among adolescents (13-15 years) the prevalence of tobacco consumption varied from 35.1% in Chile to 2.8% in Canada. Chile ratified the World Health Organization's Framework Convention on Tobacco Control in 2005 [WHO, 2003] . In 2010, at the date of this research, the smoking legislation enacted allowed smoking inside hospitality venues [MINSAL, 1995] , resulting in excessive exposure to SHS among bar and restaurant employees [Aceituno et al., 2010; Erazo et al., 2010] . The goal of this study was to evaluate indoor PAH concentrations in a sample of bars and restaurants in Santiago, Chile, and to identify the main determinants of exposure to PAHs, including SHS measured using air nicotine concentrations, among hospitality employees.
METHODS

Design and Study Population
This project is part of a cross-sectional exposure assessment study conducted in bars and restaurants in Santiago, Chile, between September 2010 and January 2011. The study was designed to evaluate SHS exposure in hospitality venues following the enactment of an incomplete smoking ban legislation in 2007. Because the study included assessment of SHS exposure in workers in addition to venues, the criteria for venue eligibility was to be a bar-pub (establishment in which customers consume small dishes, appetizers, some food such as tapas, snacks, among others) or restaurant (establishment in which customers consume food a la carte or menu) and had at least three non-smoking workers. We estimated that we would need to recruit 66 venues to reach our goal of 200 workers. One of the aims of the framework study was to determine the prevalence of respiratory symptoms measured as a percentage of affected workers. The sample size estimate was made considering the following parameters: confidence level of 95%, a sampling error of 3.3% and a maximum variance of 0.25. The estimated sample size was 200 employees, this size obtained by designing the survey would allow assess statistical hypothesis considering an alpha level of 0.05, power of 80%, two categories and an effect size of 0.40. In a preview study conducted in Santiago, it was reported that the median of non-smoking workers by local was 3 [Aceituno et al., 2010] . According to that information and the sample size required, we estimated that we needed to select 66 establishments to recruit the estimated number of participants. Initially we considered an oversampling of 20% extra venues (n ¼ 14). To identify potential participating venues a sampling frame of establishments was constructed by the research team. The National Institute of Statistics provided us the number of hospitality venues by municipality in the city of Santiago. We choose the five municipalities with the greatest concentration of hospitality venues (n ¼ 4168). Members of the research team walked the streets and visited 690 venues. All venues visited were close to each other in each of the five municipalities. In each venue the manager or person in charge were asked about the name of the establishment, address, name, and phone number of contact person, type of establishment (bar-pub/restaurant/other), smoking status of the venue (smoking allowed in all areas/mixed policy (smoking and non-smoking areas)/non-smoking in all areas) and number of non-smoking employees. A total of 207 establishments meeting the eligibility criteria, 108 were selected and their owners/managers were contacted in person to explain the study objectives. A total of 63 (58%) agreed to participate and signed an informed consent. Those who did not agree indicated a lack of time or lack of interest in the study. Four venues were not evaluated due to time scheduling restrictions. The number of establishments assessed in the main study was 59.
In the present study we included only 57 establishments. In two venues we were unable to measure PAH concentrations because the battery did not worked. By smoking status of the venue, 24 allowed smoking in all areas, 23 had mixed areas, and 10 were non-smoking venues. The research protocol and informed consent were approved by the Ethics Committee for Human Subjects Research of the Faculty of Medicine, University of Chile.
Polycyclic Aromatic Hydrocarbon Concentrations
The primary outcome variable was indoor air PAH concentrations, which was measured using an aerosol photoelectric sensor (PAS 2000 CE model, EcoChem Analytics) [Evans et al., 2010] . This monitor measures just particle-bound PAHs on ultrafine particulate matter, which may under estimate the potential exposure to total PAHs (including gas phase PAHs). All measurements were conducted using a procedure manual and trained personnel. The device recorded PAH concentrations each minute, in nanogram/cubic meter (ng/m 3 ), making a direct reading of the components, ranging between 0 to 4,000 ng/m 3 . The device has a sensivity of 10 ng/m 3 and has been used in previous studies [Marr et al., 2004] . The device was placed at 1-m height on a table located in a central indoor area of the venue when the facilities were open to the public. In establishments with mixed smoking policy (smoking and non-smoking areas), measurements were taken in the smoking area as the employees have to spend time in both areas. Measurements were performed for 30 min during a time of high occupancy (13) (14) (15) . Outdoor PAH concentrations were also measured outside the venue for 30 min, with the goal of controlling for environmental PAH concentrations that may drift into the facility. This measurement was performed immediately after the indoor monitoring.
The sensitivity of PAH measurements to SHS were evaluated during a pilot study. The study consisted of an experiment in which smoking volunteers smoked 1, 3, 4, or 10 cigarettes over a period of 60 min in a room. Nicotine, PAHs, and particulate matter of less than 2.5 mm aerodynamic diameter [PM 2.5 ] were measured at the same time. A laser photometer PM 2.5 (Dustrak, TSI) was used for PM 2.5 measurements. The objective was to evaluate the correlation between the number of cigarettes and concentration of environmental pollutants using our study instruments. The correlation was very strong and significant for the number of cigarettes with air PAHs concentrations (Spearman ¼ 0.84, P-value <0.001); PM 2.5 concentrations (Spearman ¼ 0.91, P-value <0.001) and air nicotine concentrations (Spearman ¼ 0.99, P-value <0.001). The correlation between air nicotine and air PAH concentrations during the experiments was 0.74 (P-value <0.001).
Other Measurements
We evaluated SHS exposure by measuring indoor air nicotine concentrations, a specific marker of SHS, using active pumps (model SKC222-44XR, USA). The equipment was installed at 1-m height in a central area in smoking and nonsmoking venues. In mixed venues, we placed two separate (but simultaneous) pumps, one in the smoking section and another one in the non-smoking section. The nicotine measurements in the smoking sections were made at the same location as the PAH measurements. Air nicotine concentrations were measured for 60 min and coinciding in part with the PAH measurements. The pumps were calibrated daily using a digital calibrator (SKC Ultraflow, USA). The samples were collected using a 37 mm filter treated with bisulfate, at a flow of 1,500 ml/min. To determine the nicotine mass in the filters, gas chromatography was performed at the Occupational Health Laboratory of the Public Health Institute of Chile. The nicotine detection limit was 0.8 mg/ml, a value equivalent to 2.2 mg/m 3 consider a 60-min sample at a flow of 1,500 ml/min. A total of 21 samples (36.8%) had nicotine concentrations below the detection limit, five in venues that allowed smoking everywhere (20.8%), eight in mixed venues (34.8%), and eight in non-smoking venues (80.0%). Samples below the detection limit were assigned a value equivalent to half the detection limit (1.1 mg/m 3 ). Structured, interview-based questionnaires were completed by the venue owners to gather data on other variables that can contribute to PAH concentrations: type of venue (bar/restaurant); smoking status of the venue (smoking allowed/mixed policy/comprehensive non-smoking policy); use of ventilation systems (yes/no): if yes, presence of air conditioning (yes/no), active air extraction in the point where contaminants are generated (in our study in the customer area as we did not assessed the kitchens) to capture them and send them outside through connecting ducts (yes/no) and/or fan (yes/no); estimated number of customers per day; estimated surface area of establishment (<100 m 2 , >100 m 2 , unknown); estimated percentage of customers who smoked; isolation of the food preparation area from the customer area (completely/partially/no isolation), type of food sold in the establishment (full menu/small plates or no sale of food), type of stove (gas or no stove). Additional information noted through observations was collected at the same time that PAH concentrations were measured, including characteristics of the establishment ventilation system, number of customers, number of smokers, and other sources of combustion as candles or incense, heating systems and local traffic flow. This last variable refers to type of street where the venue is located since the combustion of diesel is an additional source of PAHs. Streets with more than two tracks where buses and cars circulate where considered high traffic. Streets with one or two tracks but only with cars running were considered medium traffic. If the venue is located on a road with little traffic or away from a street, we considered it to have low traffic.
Statistical Analyses
The data were entered into a database using the EpiData program, with double data entry to minimize error. Stata 12.0 (Stata Corporation, Texas, TX) was used for all statistical analyses. An exploratory analysis was performed to examine the distribution of continuous variables. Because PAHs and nicotine concentration were right skewed (non-normally distributed using the Shapiro-Wilk test), the data were logarithmically transformed to improve normality. Descriptive statistics (frequency, median, percentile 25-percentile 75 (P 25 -P 75 ) were used to summarize the main variables. Median air PAHs and nicotine concentrations were determined for the categories of each variable, and differences between categories were tested using the Mann-Whitney test or KruskalWallis test when there were two or three categories, respectively. The bivariate associations between continuous variables were explored using Spearman correlation test. We used linear regression models on log-transformed PAH concentrations to compute the crude and multivariable adjusted ratio of the geometric mean of PAH concentrations and its 95% confidence interval comparing air nicotine tertiles 2 and 3 to the lowest tertile. The geometric mean ratio was obtained by exponentiating the beta coefficient of the model. In addition to tertiles, we also modeled air nicotine as natural log. Multivariable models were adjusted for outdoor PAH concentrations (tertiles), vehicular traffic in the closest street (low/medium/high), use of candles (yes/no) and venue surface area (<100 m 2 , >100 m 2 , unknown). We conducted analyses overall, and stratified by smoking policy status of the venue. We also conducted an analysis of the association between air nicotine and air PAHs in venues without using candles.
RESULTS
Establishment Characteristics
Among the 57 establishments, 36.8% were pubs/bars and 63.2% were restaurants (Table I) . Smoking establishments represented 42.1%, establishments with mixed smoking policy 40.4%, and non-smoking establishments 17.5%. Most venues (57.9%) were larger than 100 m 2 . The legal occupancy was over 100 people in 50.0%. Nearly all venues (96.5%) used a gas stove to prepare food. The other two venues (bars) have no kitchen. In 55.4% establishments, the owners estimated that the percentage of customers who smoked exceeded 50%. The establishments located in high vehicle traffic zones represented 43.9% of the total.
The predominant ventilation system was the fan (52.4%), followed by active extraction and/or air conditioning (31.0%). The use of windows was also a ventilation method (33.3%), along with doors open to the outside (70.2%). In smoking establishments, 91.7% kept the doors open and 45.8% kept the windows open. Mixed establishments also used doors and windows as ventilation methods (43.5% and 30.4%, respectively). A 17.5% (n ¼ 11) use candles or incense, seven of them were bars and four were restaurants.
Air PAH Concentrations
Median (P 25 -P 75 ) indoor air PAH concentrations was 113.0 (51.0-280.5) ng/m 3 , markedly greater than outdoor PAH concentrations 71.0 (41.0-142.0) ng/m 3 (Table II) . Median PAH concentrations were four times higher in venues with air nicotine concentrations in tertile 3 compared to tertile 1 (280.5 vs. 64.0 ng/m 3 ). Smoking venues had two times higher PAH concentrations (152.0 ng/m ). Indoor air PAH concentrations also varied significantly (P < 0.01) by type of establishment and square meters of the surface (Table II) .
In terms of ventilation, establishments using at least one ventilation system during the measurement period had significantly higher environmental PAH concentrations than those that did not report use of any system (P < 0.001). The pub/bar with ventilation was the type of establishment with higher median PAH concentration (242 ng/m Regarding the preparation of food, no venues used grilling or wood stove as potential sources of PAHs and the median PAH concentrations in establishments with gas stove (most of them restaurants) was 113 ng/m 3 and in establishments with no stove (two bars) was 319.5 ng/m 3 . When the food preparation area was completely isolated from the customer area (n ¼ 36), the median PAH concentrations was 94 ng/m 3 , when it was partially isolated (n ¼ 18) the median PAH concentration was 188.5 ng/m 3 and when it was not isolated (n ¼ 2) the median PAH concentration was 134.5 ng/m 3 . We found that 11 establishments used candles (n ¼ 10) or incense (n ¼ 1) during the measurement period. In these establishments, median environmental PAH concentration was 667.0 ng/m 3 (P 25 -P 75 101.0-1978.5). The median PAH concentration in bars with use of candles and incense (n ¼ 7) was 258.0 (P 25 -P 75 , 101.0-2445) ng/m 3 while in bars without used of candles or incense (n ¼ 14) the median PAH concentration was 150 (P 25 -P 75 , 88.5-423.0) ng/m 
Air Nicotine Concentrations
Nicotine concentration varied significantly by smoking status of the establishment (P < 0.01), with a median of 3.72 mg/m 3 (P 25 -P 75 1.26-7.20) in smoking establishments, 2.43 mg/m 3 (P 25 -P 75 1.10-7.66) in the smoking section of mixed establishments, and 1.10 mg/m 3 (P 25 -P 75 1.10-3.80) in the non-smoking section of mixed establishments. In nonsmoking establishments, 80% of the filters had nicotine levels below the detection threshold. Pubs and bars also had markedly higher air nicotine concentrations compared to restaurants (median 3.83 vs. 1.31 mg/m 3 , P < 0.001) (Table II) . Air nicotine concentrations varied significantly (P < 0.001) by venue surface area, with greater concentrations in establishments larger than 100 m 2 .
Relationship Between Air PAH and Nicotine Concentrations
Air PAH concentrations were correlated with air nicotine concentrations in smoking venues (Spearman ¼ 0.67; P < 0.001) and in the smoking section of mixed venues (Spearman ¼ 0.45; P ¼ 0.03) (Fig. 1) . In establishments where smoking was allowed, the correlation between air PAH concentrations and air nicotine concentrations was stronger in venues that did not use candles or incense (n ¼ 18, Spearman 0.80; P < 0.001). Air nicotine concentration, establishment smoking status, type of establishment, vehicular traffic, use of candles or incense in the establishments were associated with increased indoor PAH concentrations (Table III) . After adjustment for outdoor PAHs (tertiles), , unknown), PAH concentrations were 1.40 (0.64-3.10) and 3.34 (1.43-7.83) ng/m 3 higher for tertiles 2 and 3 of air nicotine compared to the lowest tertile.
DISCUSSION
The main sources of indoor PAH concentrations in bars and restaurants from Santiago were secondhand smoke, as measured by air nicotine, and the use of candles and incense. In venues were smoking was not allowed, indoor air concentrations of PAHs and nicotine were markedly lower compared to venues that allowed smoking, consistent with previous findings [Zhang et al., 2009] . These results confirm that secondhand tobacco smoke was a major source of PAHs emissions. Repace [Repace et al., 2006] , for instance, reported that 85-95% of PAHs measured in the air of restaurants and bars can be attributable to secondhand tobacco smoke. In addition to smoking, we also found other relevant determinants of PAHs such as the use of burning candles and incense. While some determinants of indoor PAH concentrations are difficult to modify (e.g., outdoor traffic, size of the venue or ventilation systems), measures to eliminate smoking and maybe also the use of candles/incense could be implemented to reduce exposure to PAHs.
Restaurants and bars are spaces for eating and socializing; however, they are also work environments for the service personnel. SHS exposure remains a major problem among hospitality employees in countries around the world lacking comprehensive smoke-free legislation [Jones et al., 2013] . The health risk to which these workers are exposed is very high, as shown by a meta-analysis comparing air quality inside bars, office, and homes with at least one smoker, concluding that average SHS in bars is 3.9-6.1 times higher than in offices and 4.4-4.5 times higher than in the home of a smoker [Siegel, 1993] . The relationship between SHS exposure and risk of serious diseases including cancer, heart disease, and asthma is well established [Liu et al., 2014; Reijula et al., 2015] . This problem affects not only customers but especially the workers in restaurants and bars, whose passive exposure to tobacco smoke is prolonged and cumulative. Data indicates that exposure to tobacco smoke also increases the risk of shortterm health effects inflammation of the eye conjunctiva and mucous membranes of the nose, throat, and inferior respiratory tract, with accompanying irritation, cough, and sore throat, which may affect work performance and compromise quality of life. FIGURE1. Correlation between polycyclic aromatic hydrocarbon (PAH) and nicotine concentrations in the air, according to smoking status of the establishment (smoking venue and mixed venue). Smoke-free establishments were not included in the figure because air nicotine concentrations were undetectable in 80% of establishments.
The use of candles or incense inside the establishments was associated with high PAH concentrations. When comparing the median between bar with or without use of candles or incense at the time of measurement we found that the use of candles or incense doubles the median of PAH of the bars without use of this products. In restaurants that used candles or incense at the time of measurement, PAH concentrations were 16 times higher compared to restaurants without use of candles or incense. After adjustment for other sources of PAHs including SHS and use of candles or incense, the air PAH concentrations were 6.22 (2.55-15.21) ng/m 3 higher in venues where these products were used. This finding is consistent with previous reports that detected sources of PAHs other than SHS inside restaurants [Hoh et al., 2012] .
The presence of a fan was associated with higher PAH concentrations inside the venue, showing the inefficiency of the fan as a ventilation mechanism. It is important to note that a fan does not exchange air but merely circulates it. A study showed that combustion in kitchens increases environmental PAH concentrations and that it is therefore important to isolate the kitchen from the rest of the facility [Zhang et al., 2009] . Therefore, it is important to consider air quality in establishments that use lit candles and in areas in which different sources of combustion are used to prepare food, given the impact of these practices on workers and customers.
This study also measured the contribution of other sources of PAHs. Combustion of gasoline was examined by evaluating the influence of traffic flow outside of the establishments. Environmental PAH concentrations were also measured outdoors. We found that higher levels of PAHs were associated with a greater volume of vehicular traffic. This point is important given the high impact of the external environment on the air quality inside establishments, especially because these facilities tend to keep their windows and doors open as a ventilation mechanism.
Few studies have evaluated PAHs concentrations in hospitality venues around the world. To our knowledge, this is the first study to actively measure environmental PAHs and nicotine in the Latin American region. The quality of PAHs and nicotine measurements is one of the strengths of the study, as the methods ensure reliable and valid results by using calibrated equipment and specialized laboratory analyses. The use of nicotine, a specific biomarker of SHS is an important strength, as it is well-established air nicotine concentrations track very well with the number of cigarette smoked. Both PAHs and tobacco smoke in general are highly toxic to human health, especially for workers involuntarily and chronically exposed to these toxicants in their workplace.
The limitations of this study include the use of a nonrandom sample, which could affect the generalizability of the results; however, this study represents an adequate distribution of restaurants and pub/bar-type establishments in Santiago's five municipalities with the greater concentration of this type of facility. Willingness of owners or managers to participate might have biased the sample, with facilities in compliance with local sanitary and labor requirements being more likely to participate and more hazardous facilities being less likely to participate. This study was carried out between September 2010 and January 2011 (spring and early summer for Southern hemisphere), and therefore the use of ventilation systems and courtyards for outdoor eating might not reflect SHS and PAHs exposure levels during the rest of the year. Previous studies have found that barbecue and Asian-style cooking are associated with high levels of indoor pollutants including PAHs [Zhu and Wang, 2003 ]. We did not specifically measure PAH concentrations in the kitchen and we did not collect information on the number of burners or specifically regarding frying, because our objective was to measure exposure to the workers and customers in the main customers areas. This lack of information could be seen as a limitation of our study, however we collected information on the type of burners and 100% of them were gas burners. Also none of the venues had barbeques or grills or served Asian-style food. In addition we collected information on the location of the kitchen to evaluate whether it was totally, partially or not at all isolated from the customers area. Most of the kitchens were totally (64.3%) and partially (32.1%) separated from the customer area. When the food preparation area was not at all isolated (3.6%) the PAH concentration was lower compared with a kitchen partially isolated. These results lead us to assume that the influence of PAHs generated in the kitchen may have less impact on the concentration of PAHs measured in the customer area. Another limitation of the study is related to the variability expect from day to day or shift to shift in the PAHs concentrations. We took the measures during the time of peak activity at the venues. Our mean sampling duration was 60 min (range 58-68), with half of the time being inside and half outside. Thirty minutes sampling is typical of studies assessing secondhand smoke exposure in hospitality venues using real time sampling devices [Avila-Tang et al., 2010; Apelberg et al., 2013] . The measure is likely to represent exposure levels happening during the times of peak activities in the venues (between 7 PM and midnight). Most of the measures were collected on Friday and Saturday. We conducted some comparisons for measures collected mid-day (n ¼ 14, median 26, P 25 on Saturdays. We are aware that it would have been good to collect repeated measures in at least some venues, however do to logistic reasons and budget limitations we only went once to each venue.
In conclusion, this study showed that bars and restaurants in which smoking was allowed resulted in high PAH concentrations, including establishments with mixed smoking policies. The study also showed the inefficacy of currently used ventilation and isolation systems. At the date of this research, this study provided evidence that public health interventions regarding tobacco use remained insufficient in Chile, leaving hospitality workers vulnerable in all facilities where smoking was still allowed. Our study provides information on indoor PAH concentrations in hospitality venues and it can be informative to countries and subnational entities with a need to implement smoke-free legislation to comprehensively protect the health of nonsmokers working in these environments.
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